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Title: "CATALYTIC CELLULIGNIN FUEL" 



Fieid of the Invention 

The present Invention relates to a new fuel obtained from biomass. 

Bacicground of the Invention 

5 The energy obtained from biomass is highly positive from the point of 

view of energy. For instance, the energetic efficiency of the so^Hed short-rotation 
biomass is 89.5%. and the rate of liquid energy is 9.48 times higher. However, in 
spite of this fantastic energetic efficiency, biomass cannot compete with fossil fuels 
due to the high costs resulting from the large number of steps required to produce it 

10 and also due to the difficulty in handling the raw biomass, which renders it not very 
practical. 

The following points related to the process for producing biomass should 
be taken into account: 1) planting and cultivation (propagation); 2) expenses with 
nutrients (fertilization); 3) exposure to the sun; 4) temperature; 5) precipitation; 6) 
15 conditions of soil and water, 7) harvesting method; 8) resistance to diseases; 9) com- 
petition in the area with production of foodstuffs, pastures and fibers; 10) area avail- 
ability; 11) transport of the raw biomass. 



Biomasses are composed of cellulose, hemicellulose and lignin. the com- 
position being exemplified in table 1 . and microstnjcture according to figure 1 . 
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Table 1 



Cellular wall 


Typical Composition - Pin 


e Tree (%) 




hemicellulose 


cellulose 


iignin 


LM - middle lamella 




- 


3.0 


P • pnmary waH 


1.4 


0.7 


8.4 


S - secondary wall 








SI 


3.7 


6.13 


10.5 


S2 


18,4 


2.7 


9.1 


S3 


5.2 


0.8 




Total 


28.7 


40.3 


31.8 



The cellular wails are composed of macrofibrillae, microfibillae, micellae 
and ceiluiose molecules. The nuclei of the cells (cytoplasm) is composed of aqueous 
solutions. The following formulas represent the approximate estimates of the specific 
surface (area per unit of mass) of the bibmass in the hypothesis of its microstnjcture 
being completeiy.released. 

1- Geometry with a Square section and length I (S and M: cell surface 
and ceil mass). 



10 



A/ Ablep ep 



broadness of the cell 
thickness of the cell wall: 



b* 10^m 
e s 1.0^m 
p = 1.5 g/cm* 



15 2. Specific area of the macrofibrillae, microfibhtia, misceilae and cellulose 

molecules. 



r 
% 
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4 ^ 



2.a - Specific area of the macrofibriUa (4) = 50nm: Macropores>50nni) 

M SOxlO-'xUxlO* « 
2.b - Specific area of the microfibriilae (4r50/4 = I2.5nm; Mesopores 2nm 

5 <^<50nm) 



A/ ° 12^x10- xUxlO-* -213mV^ 

2.C - Specific area of the misceiia (<}> = (12.5/4)nm = 3,1nrh; Micropores ^ 



<2,0nm) 



S 4 

3.1x10- xUxIO*'^^**'"'^^ 

"•0 2.d - Specific area of the molecules of cellulose (3. 1/6)nm = 0.51 7nni) 

a7°0417x10-xUx10' '^290inV^ 

N-l+6 0*«-7X(l +6 + 12- 19X(l-^6-H2+ 18-37). 

.0 

The theoretical specific area for the cell is of about 0.7m*/g. of about 
50m2/g for the macrofibrillae. of about 200m2/g for the microfibriilae. of about 
1 5 900m2/g for the miscealla. and of about 1 300m2/g for the molecules. 

As far as solid fuels are concerned, their conventional combustion 
comprises 5 zones: first non-reactive solid zone (heating and drying), second reac- 
tion zone of condensed phase (solid pyrolysis). third reaction zone of gaseous phase 
(pyrolysis of gas ous phase and oxidation), fourth primary combustion zone (gase- 
20 ous phase), fifth post-flame reaction zone (secondary combustion). The specific ki- 
netics and reactions of each zone is not completely known yet 



wo 00/78899 



PCT/BR00A)0066 

-4 - 



Figure 2 illustrates the conceptual model of conventional combustion 
for wood. Wood is anisotropic and hygroscopic, and its fibers (tracheids) are hollow 
and have a length of from 3.5 to 7.0mm in soft wood, and from 1 to 2 mm in hard 
wood. The linked water is of about 23%, and the total moisture reaches 75%. Cellu- 
5 lose, hemicellulose and lignin behave as polyalcohols wherein the main functional 
group is the OH group. Cellulose is a linear polysaccharide of anhydrous glucose with 
1 glucoside bonds. After oxidation, the functional groups are carfaonyiic. ketone 
and carboxylic groups. On the other hand. hemiceUulose is a polysaccharide with 
branched chain, the main components of which are 4^ethylglucoroxylanes in hard 
10 wood and glucomanes in soft wood. The main functional groups thereof are carbox- 
ylic. methylic and hydroxylic groups! Ugnin. on the other hand, is a tridimensional 
backbone of 4 or more substituted phenylpropane units. The basic constitutive blocks 
' ai-e guayaquil alcohols (soft wood) and seringyl alcohol (for the two types of wood), 
and the dominant bonds are (3-0-4. 

15 The stnjctures of cellulose and lignin are highly oxygenated and the 

location of the functional groups is useful in understanding the mechanisms of pyroly- 
sis and oxidation. 

For the purpose of comparison, it is observed that the structure of the 
mineral coal is aromatic, it has few hydroxylic functional groups and 3-0-4 bonds. 
20 Nitrogen and sulfur are part of the structural rings with little nitrogen existing in the 
amine form. The fact that the oxygen content is very low in coals when compared with 
wood is highly significant since, it imparts greater reactivity to the latter. 

In the corwentional combustion of wood the drying stage involves, in 
fact. 4 steps, namely 1) energy required for heating the wood up to 100« C (373"K) = 

25 0.08 X 100 X (1 - TU) kJ/kg. wherein TU is the moisture content (percentage); 2) en- 
ergy required for heating water = 4.2 X 100 kJ/kg; 3) energy required for vaporizing 
the water = 2.26 MJ/kg; and 4) energy required for releasing the linked water 15.5 X 
TU kJ/kg (average). The predominant value is the energy from vaporization of water. 

The heating stage comprises three factors that have significant influ- 

30 ence: the first one is the energy for heating up to the pyrolysis temperature (500 - 625 
•K); ttie wood specific heat is 1113 J/g at 273 • K and 1598 J/g at 373 'K. while the 
specific heat of th wood with 35% of moisture is 2.343 J/g at 300 "K. Secondly, there 
is the influence of the moisture preventing th particle core be heated up to the tem- 
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crature a, whicn water » evapo,a»d and esablishing *. raaeSon sta»s. The Wrd 
petatureatwnicn „ i„o.a,e of the tBennal cohdurtivity of B«e 

(actor of influence is the mcisture in the increase ot tne 

lod parttde. which may at ntost double its vaiue. In addMoh to « «au nee Oh the 
-«ng. ntoisture a.o causes s..n«can. effects on the ,o«d ^ 

The ne« stage is the solid p,~lysls step. In this combustion zone, -e- 
acacns Of Cleavage of the molecules into gaseous fragment and condensabon »^ 
«ons prevail. wh«eb, co^ . produced ,ur resu«ing into 3 fina. f.«».oos: a 
one a liquid one. and a solid one - coai). The pyro^sis temper»ures a,.: hemicaUu- 
Z <S0^ - 600 • K). cellulose (600 - 660 • K, and iignin <500 - 773 K). Table 2 show, 
me p^rolysis product, from cellulose and xylan. wim a high tar content that causes a 
secondary combustion dose to the oils for the wood. 

Table 2; Pyrolysis Products from Cellulose (873 -K) and Xylan (773 "K) 



15 




The opening of aromatic rings is an intermediate step in forming the 
volatile matehal. generating acetic add and acetaldehyde, which are decomposed by 
decarboxylation of acetic add (CH,COOH -> CH, * CO,) and decarbonHalion of the 



wo 00/78899 



- 6 - 



{ 



PCT/BROO/00066 



acetaldehyde (CH5CHO -> CH, + CO). From the hemicellulose. the resulting product 
is C2H4 and CO from the propanol. In the next zones, there wiU be sequence in th 
pyrolysis and oxidation, giving CH^. CjH.. CO and COj as final products. 

The pyrolysis of lignin is different in comparison with the hemicellulose 
5 and cellulose and at 823 K it produces the following components: coal (55%), gase- 
ous fraction (45%) composed of CO (50%) CH4 (38%). C02) 10%) and C2H6 (2%). 
The tar is composed of phenylacethylene. antracene and naphthalene. Table 3 
shows the formation of coal in the pyrolysis of several different materials. 

Table 3: Coal Fonnation in the Pyrolysis. of Several Dlffeient Materials 

10 (673K) 



Material 


Coal (%P) 


Cellulose 


14.9 


Poplar (wood) 


21.7 


Larch (wood) 


26.7 


Aspen (branches) 


37.8 


Douglas (bark) 


47,1 


Klason Lignin 


59.0 



Moisture also has a considerable influence on the particle pyrolysis 
since it causes an enormous difference in temperature between the particle core and 
the periphery thereof (400 •K). creating a physical separation between the heating 
15 and drying zone and the pyrolysis zone. The dominant influence of moisture is to re- 
duce the flame temperature of the burner, directing the product to coal formation and 
reducing the rate of pyrolysis. The theoretical flame temperature of the wood com- 
bustion is given by: 

T.= 1920 • (1 .S1[TU/(1-TU)]x100) - 5.15 



20 wherein Ta (K) is the adiabatic flame temperature, TU is the fraction of 

the moisture com nts, and X exAr is the percentage of air excess. In addition to the 
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reduction of the adiabatic temperature, there is an increase in the air excess, given 
by: 

X^(o/„)=40rnJ/{1-TU)l 

For TU > 33%. T. = 1740-K and for TU = 50%. T. = 1560-K and conse- 
5 quentiy there is a decrease in the volatile content and an increase in the coal content 
Rnally. one should cite that the ashes reduce the local temperature and catalyze the 
formation of coal. 

Next, the pre-combustian reaction occurs, which represent the cleav- 
age of volatile material into fragments of radicals dominated by reactions of initiation 
10 of chains of the type: 

R.R R + R' (368kJ/mol) 
R-.H R- + H (410kJ/mol) 
wherein R = CzH^. CHj. etc. e R"= methylic group. 

In wood, the first reaction is most probable due to its lower energy, and 
15 an example thereof is given below. 

' CjH, + M 2CH3 + M 

2CH3 + 2C2H6 -f 2CH4 + 2C3H5 

M + CjH, -». H + CjH, + M 

H + CjHs Hj + CjHi 

20 wherein M is a heat (ash or vapor)-removing particle or molecule. If R* 

contains two or more carbon atoms, the C-C bond is broken preferably instead of the 
C-H bond. In addition to the reactions of chain initiation, the pre-combustion zone 
includes reduction reactions with recombinations of radicals R ♦ R' -> R-R". especially 
if the pre-combustion zone is spatially broad. An example thereof is the recombina- 

25 tion of nitrogen forming N2 instead of NO,. 
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After the pre-combustion reactions, primary combustion reactions oc- 
cur oxygen and fuel mixed in the primary combustion zone results in a number of 
reactions of free radical, producing CO2 and HjO. 

RH + O2 R + HOO 

5 CHj + O2 + M CH3O2 + M 

CH3O2 CH2O + OH 

HCO and CO (CH2O + (1/2)02 HCO + OH or CHjO + O2 CO + 
2HO) are formed from CH2O, and their concentration is maximized at flame tem- 
peratures of 1 320K, which is the wood combustion temperature. 

-10 Finaiiy. the post-combustion reactions occur the processes of wood 

combustion occur at low temperature, and reactions of chain end occur in the secon- 
dary combustion. The hydroxy! radical (CHjO) is of great significance when it is pres- 
ent at high concentrations. The main end reactions are: 

HCO + OH CO + H2O 

15 C0 + 0H-*^C02 + H 

CO + O2 CO2 + O 

the latter being of lesser importance in this zone. The CO2 production 
from CO is controlled by the OH concentration, which is relatively high for few tem- 
perature systems (wood). It follows that the chain end is the recombination of H and 

20 OH groups aided by heat^removing species (M). The C:H ratio is relatively high for 
soft wood (1:1.45) and hard wood (1:1.37) compared with mineral coals (1:017). The 
wood solid pyrolysis produces water. CH4. C2H4. and CjHe, resulting in a substantial 
amount of hydrogen in the volatile gases to increase the concentration of hydroxyl 
radical for a complete and rapid oxidation (greater reactivity). There is no complete 

25 expressions in the literature for this system, due to the large nurnber of variables as- 
sociated to the oxidation of the wood votatiies. 



In the combustion of (wood) charcoal, the charcoal obtained from the 
pyrolysis is porous and contains various free radicals for 02attack. In addition, it con- 



PCT/BRO0rt)0O66 

WO 00/78899 

tains oxygen and hydrogen, its empirical chemical fonnula being CS.7H.3.30. Three 
mechanisms were proposed for the charcoal oxidation, it being recognized that th 
combustion rate is limited by the sites of free radicals on its surface. The charwal 
oxidation is also limited by the mass transport. The first mechanism is the Boudouart. 
5 as the general indicator of charcoal combustion. 

C + O2 -> 2CO 

This reaction is highly endothemic with the following reaction con- 
stants: 1.1 X 10-' (800»K) and 57.1 (12OO*0- The CO released is volatile and its com- 
bustion is completed in the flame out of the particle. The second mechanism is the 
10 chemical adsorption of Oj directly on the coal. The activation energy of the 
Ojadsorption on the porous surface of the coal ranges from 54 kJ/mole to 10 
105kJ/mol. respectively, for chemically adsortsed quantities from zero to 2.5 moles of 
Oj per gram of coal. The chemical adsorption reactions are: 

+ O2 -^^ C(Or C(0)„ CO + COj 
15 C* + O2 CO« CO + CO2 

The asterisk indicates an active site of reaction, m stands for move- 
able species, and es stands for stable species. The charcoal active sites can be gen- 
erated by the mechanism of pyrolysis. The third mechanism of charcoal oxidation 
involves reactions of hydroxyl radicals in the active sites given by: 

20 20H + C CO + H,0 

OH + CO CO + H 

Hydroxyl radicals are internally generated by hemolytic cleavage of the 
various hydroxylic functional groups existing in the wood or dissociation of the mois- 
ture released by the fuel. The moisture influence on the coal oxidation are not weli 
25 known, as in the case of the pyrolysis of wood. It is speculated that the moisture 'de- 
letes' the sites, reducing the rate of coal oxidation. The presence of moisture delays 
the rate of oxidation of charcoal. 



In short the wood combustion is a multistage process that involves 
heating and drying, solid state pyrolysis, producing volatile compounds and coal, re- 
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actions of gaseous phases (pre<ombustion, primary combustion and post- 
combustion) and combustion of the coai!, The various functional groups xisting in 
wood generate a significant number of volatile products from the solid pyrolysis of 
particles, the various functional groups and the high aliphatic contents increasing th 
5 reactivity of wood, contributing to the high proportion of flames in the combustion of 
the wood with respect to mineral coal. The moisture increases the thennal conductiv- 
ity, results in greater production of coal in the solid state pyrolysis. increases the con- 
centration of hydroxyl groups for the reactions of gaseous phase and of the coal, and 
reduces the oxidation rate of the coal, decreasing its temperature and 'deleting- the 
10 reactive sites. 

In view of the complexity and the operational disadvantages pre- 
sented by the conventional combustion processes, it was desirable to develop a new 
fuel from biomass that could meet the essential requirements of combustion and 
overcome the technical drawbacks of the known fuels. 

-J 5 In this regard, various studies have been carried out for the develojp- 

ment of new fuels from biomass and some attempts have already presented satis- 
factory results, as in the case of a ceilulignin fuel mentioned in the article "Ceilulignin: 
a new thermoelectric fuel" by Daltro G. Pinatti, Christian A. Vieira, Jo^^e A. da Cruz 
and Rosa A. Conte. which relates to a product from generic ceilulignin obtained by a 

20 process of pre-hydrolysis of biomass without optimized control. However, it was still 
desired to obtain a fuel that would present even more advantageous results, mainly 
from the economic point of view and the applications thereof in the main thermoelec- 
tric technologies: ovens, boilers, gas turbines and generation of energy by hydrody- 
namic magnet (MHD). 

25 Therefore, the objective of the. present invention it to provide a new 

ceilulignin fuel with catalytic properties that will meet these mari<et requirements with 
improved combustion characteristics. 

Summary of the invention 

The present invention relates to a catalytic ceilulignin fuel that is com- 
30 posed of cellulose and globulized lignin and that presents a specific surface of about 
1.5 - 2-5 m^/g. with an average value of 2.0m^/g. 
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Brief Description of th Drawings 

- Figure 1 shows a schematic diagram of the biomass cellular struc- 
ture. 

-Figure 2 shows the steps of the conventional combustion process of 

5 solid fuels. 

- Rgures 3a - 3e show microphotographs of the structure of a cellu- 
lignin according to the present invention, while Figure 4 graphically shows difrato- 
grams of X-rays for wood, cellulose and cellulignin. 

Figure 5 shows a graphic of the enthalpy variation for the reactants in 
10 a process of catalytic combustion of coal, and Figure 6 shows ratio of the burning 
time of mineral coal to the particle size. Figures 7a and 7b in turn shows the power 
irradiated in the combustion of cellulignin according to the present invention. 

Rgures 8 - 12b illustrate systems and equipment useful for the com- 
bustion of the cellulignin fuel now defined. 

15 Detailed Description of the Invention 

After detailed studies, the inventors achieved a catalytic cellulignin fuel 
obtained from biomass, which allows a surprising result regarding its combustion. 
The catalytic cellulign fuel of the invention is prepared by a process of pre-hydroiysis 
of biomass using a reactor such as descrit^d in the Brazilian patent application filed 

20 on this same date for "An Apparatus and Process of Pre-Hydroiysis of Biomass'. The 
refenred-to pre-hydroiysis may be carried out for any type of biomass, such as wood, 
sugar-cane bagasse and straw, vegetable residues, barks, grass, organic part of 
garbage, etc 

The pre-hydroiysis process described in the above-mentioned patent 
25 application generically comprises steps of discharging the biomass in a helical 
feeder, in the device of pre-hydroiysis of biomass, followed by a pressurization op- 
eration comprising the following steps: 1) filling the device of pre-hydroiysis of bio- 
mass with a pre-heated acidic solution; 2) heating; and 3). pressurization, said proc- 
ess being distinguished by the fact that the pre-hydroiysis is carried out simultane- 
30 ously with a rotary oscillation of the biomass pre-hydroiysis apparatus, purging of the 
vapor and controlling the temperature, pressure, acid contents, pre-hydrotysis time. 
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and liquid/solid relationship, monitoring the sugar contents until a value of about 10 
Bricks is reached by means of a sugar^asuring device. Then, the steps of dis- 
charge of the pre-hydrolyzate into a tank through a heat-exchanger, sugar-recovering 
washing: and discharge of the cellulignin into mechanical washers or carnages to be 
5 washed by percolation are carried out 

Again referring to figure 1 and Table 1 presented above, one can see 
that acconiing to the processes of hydrolysis of biomass the ceUulose fibers release 
is not complete, because the hemiceilulose has its highest concentration in the sec 
ond layer (S2) of its secondary wall. WOtx the pre-hydrolysis process developed by 

10 the present inventors, it now has been achieved a product with a specific surface of 
about 1.5 - 2.52/g. with an average value of 2m2/g. measured by BET (Bnjnace. 
Emmett and Teller) and a slush number 100, this meaning that this pre-hydrolysis 
process reaches the level where partial release of the macrofibrille occurs. 

The confinnation of this macrofibrillae release is illustrated in the mi- 

15 cnaphotographs presented in figures 3a - 3e. Figure 3a shows the micnsstmcture of 
the catalytic celllignin according to the invention after pre-hydrolysis. witii an increase 
of 1000 times (scale of lO^im). Figure 3b shows a cellular wall presenting the middle 
lamella with an increase of 10.000 times (scale 1nm). while figure 3c shows the cel- 
lular wall with an increase of 50.000 times (scale lOOnm) and figure 3d shows the 

20 cellular wall with an increase of 100.000 (scale of lOjim). Rgure 3e shows the micro- 
structure of a second sample where it is possible to observe the lignin globulization. 

The combination of an open structure, while maintaining the crystalline 
characteristics of cellulose demonstrated by X-rays diffraction, as can be seen in fig- 
ure 4. enables one to achieve the following characteristics of the cellulignin fuel: 

25 1 - due to the maintenance of the cellulose crystalline characteristics, it 

is possible to effect the grinding of the cellulignin according to the present invention 
down to below lOOiim by using hammer mills without the need for irrtermediate siev- 
ing and with a low energy consumption (about 12kWh/t). Due to this characteristic, 
the new fuel is called 'catalytic' lignin. 

30 2 - Easy drying of the water in rotary dryers, ovens or cyclones: the 

cellulignin according to the invention, which has particle size below 200jim, presents 
a completely open structure which permits it to be dried at SOOppm of moisture and at 
low temperature, that is to say. at 125» C (temperature of chimney gas). 
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The water contained in biomass is one of the worst charaaeristics for 
combustion, and the drying achieved for the ceilulignin of the invention allows the 
obtention of a value of 18^ 20MJ/kg for the combustion heat which is the double of 
the combustion heat of biomass with normal moisture of 45%. 

5 Therefore, one of the great technical advantages obtained by the pre- 

sent Invention is that the catalytic ceilulignin may be externally dried with the heat of 
the chimney gas and subsequently burned in dry form. This option is unfeasible for 
raw wood. 

3 . When in the powder form, the ceilulignin density is of SOOkg/mS in 
10 the so-called accommodated form, and 450kg/m3 in the non-accommodated fonm. 

This represents an average energetic density of 20MJ/kgx500kg/m3 = 104MJ/m3, 
compared with the energetic density of 40MJ/kgx800kg/m3 = 3.2x10"MJ/m3 for fuel 
oils, which means that the tanking and handling of the catalytic ceilulignin fuel are 
only three times as high as those of fuel oils, and it is drastically easier than the han- 
15 dling of raw biomasses (wood and vegetable residues), which require large volumes 
and huge equipment. 

4 - The dosage of the ceilulignin of the invention in combustion appa- 
ratus is made, for instance, by means of helical dosing device or rotary valves and 
the feeding of air such as drag-gas air in the proportion of aircellulignin of about 

20 3.28:1 by weight and 1261.6:1 by volume. This imparts to the ceilulignin a character- 
istic equal to that of the gases or liquids in the operations of dosing and feeding, pro- 
viding a drastically easier operation than the conventional dosing and feeding of solid 
fuels, especially biomasses. 

5 - The microstructures pictures show the disclosure of the microfibril- 
25 lae in a dimension of 50nm. This technique establishes the correlation between the 

process (hemicellulose digestion) and the product (open structure with medium spe- 
cific surface). It constitutes one of the main new characteristics of the product as well 
as the technology of controlling the pre-hydrolysis process in the production of the 
catalytic ceilulignin fuel. 
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6 - Table 4a illustrates the physical characteristics of the Micropores 
(Active Sites) and table 4b presents the distribution of the Meso and Macropores. Th 
former was determined by BET - Adsorption of N2 and the latter was determined by 
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Hg porosimetry. The total specific area measured by BET is about Z20m2/g. and the 
specific area of the macro and meso pores were the larger portion of the total area. 
The calculation thereof from the average radius of the pore measured by Hg pon>- 
simetry results in l.80m2/g. admitting a cylindrical syrrmietry of the pore (I = 2r). This 
conclusion is coherent with the low micropores volume (1.1x1(r'cm3/g) measured by 
BET. The distribution of the macro and meso pores has its maximum value ranging 
from 1 to Siim (1000 - SOOOnm). this size coinciding with the voids of the of the cells 
photographed by MEV (figures 3a. 3b. and 3e)- The data of table 4 and the micro- 
stnjctures of MEV pemiit tiie complete characterization of the catalytic cellulignin fuel 
according to the present invention. The micropores are measured by the iodine num- 
ber equal to 100; in the case of the catalytic cellulignin still there is no instnjmentation 
that enables one to appraise the of the micropores (2nm) contribution in the combus- 
tion. 



15 



Table 4a: Physical characterization of the Micropores 
^Active Sites - 6 <2.0nm) 



Samples 


Crystalline 


Specific 


Micropore 


Micropore 




density*" . 


area<^ 


Radius'* 


volume** 




(g/cm^) 


(m^/g) 


(nm) 


(x10-^cm3/g) 


1- Wood 


1,284 


0.459 


0.948 


0.217 


2 - Cellulignin without 










grinding - pre-hydroiysis 










time 


1.331 


0.755 


0.980 


0.371 


2a - 0.5h (oscilation) 


1.337 


1.463 


0,905 


0,662 


2b - 1 ,0h (oscilation) 


1.334 


1.342 


0.970 


0,651 


2c - 1. Oh (static) 


1.351 


2.249 


0.964 


1.080 


2d - 2.0h (oscilation) 










3-Gnding effect 










3a-cellufignin without 


1.252 


2,483 


1.197 


1.496 


grinding 


1.353 


2,758 


0,997 


1.375 


3t>- 297>tm<<|><354^m 


1.368 


2,013 


1.135 


1.143 


3c- 177jim<^<210Min 


1.375 


2,114 


1.032 


1,090 


3d- 125^m<4^<149^m 


1.372 


1.915 


0.962 


0.921 


3e- 88)im«^<105Mm 


1.346 


3.179 


0.914 


1.454 
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3f- 4K74^ni 










4- Wood and carbonized 










C Uuiignin 






• 




4a- carbonized wood 


1.314 


0.965 


1.024 


0.494 


4b- celluiignin de 0,5h 


1,292 


2.474 


1.014 


1.254 


4c- ceilulignin de 1.0h 


1.327 


1.452 


1,002 


0.727 


4d- ceilulignin de 2.0h 


1.371 


1.932 


1.009 


0.974 


4e- double carbonization 


1.421 


2.497 


1.000 


1.248 



tachrome - Version: 1 .62 

(2) BET - Adsorption of N2; Equip, used: Adsorptometer - Model: Nova from Quan- 
tachrome -Version 3.70 
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7 - The major application of the ceiiuiignin of the present invention is 
as a fuel for boilers* gas turbin and for the generation of energy by magnet hydro- 
dynamics (MHD). However, apart from the usesas a fuel, there are several other 
applications in the following areas: a volume component for animals food, pyrolysis 
for the production of oils and activated coal, production of carbon black (incomplete 
combustion), production of methanol, ceiiuiignin rssinates (agglomerates, MDF - 
Medium Density Rber). substrate for semisolid fermentation (ftangi, bacteria and 
enzymes), etc. 

Even though the precise chemical formula of the ceiiuiignin according 
to the invention may vary, its empirical chemical formula is presented in Table 5, in 
comparison with the empirical formulas of wood, biomass components, mineral coal 
and fuel oils, these data providing a good reference for the understanding of the im- 
proved effects achieved by the fuel developed now. 

Table 5: Chemical formulas of the several fuels 



15 Fuel Material Carbon 

(moisture) Volatile (%) fixed (%) 

1. Softwood (46%): 



• Douglas fir 

• Pitch pine 
20 # Hemlock 

2. Hard wood (32%): 

• Poplar 

• White ash 

3. Barks: 
25 • Oak 

• Pine 

4. Wood 

• Dry (17%) 

30 • Humid (50%) 



86.2 
84,8 



13.7 
15,0 



Ashes Empirical formula 
(%) approximate 

0,1 C,,H„02^N» 

0,2 C4^He.,02.aN» 

C4.,H,.o02.7N» 

C,^H5.,03.,I^ 
C43H5^e02.4N» 

Oi4NoWH, O),., 
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Table 5 - continuation 



10 



15 



20 



25 



30 



fuel 

(moisture) 

5. Components of 
biomass: 

• Cellulose 

• Hemiceiluiose 

• Ugntn 

• Catalytic ceiluiignin 

• Cellulose coal 

6. Tar . 

7. Mineral coals: 

• Lignite (37%) 

• Subbitumenous 
A(14%) 

B(25%) 
C(31%) 

• Bitumenous 
Low volatile 
Medium volatile 
High volatile 

• Antracitic 

8. Oiis(APF.A1) 



Material 
Volatile (%) 



40,7 

17.7 

6.4 
6,4 



Carbon 
fixed (%) 



Ash s 
(%) 



54,4 



71,9 

81.4 
81.4 



4.9 



10,4 

1Z2 
1Z2 



Empirical fomiuia 
approximate. 



(C«H,o05)« 

(C5H,o05)„ 

(C,oHrO.)« 
C«,7Hx3 Oi^N*^ 



C«jH2jOo,i2Naos 



As can be seen, biomasses have low carbon contents (4.3 moles per 
formula-gram), middle hydrogen contents (6.5 moles per formula-gram), and high 
oxygen contents (6.5 moles per formula-gram). Mineral coals have high carbon 
contents (6.5 moles per formula-gram), low hydrogen contents (4.3 moles per for- 
mula-gram), and low oxygen contents (0.15 moles per formula-gram). The catalytic 
ceiluiignin according to the invention is in an intermediate position with carbon (5.5) 
and hydrogen (4.2) contents tending to mineral coal, but with intermediate oxygen 
contents (1.8 moles per formula-gram). In fact, th" catalytic ceiluiignin comes dos 
to lignite coal being otstained, how ver, in 20 minutes of pre-hydrolysis, whil lignit 
coal took millions of years to be formed. 
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Another great advantage of the cellulignin fuel developed now is its 
very low ashes contents, thus meeting, for instance, the requirements of dean fuel 
for gas turbine (Na + < 5 ppm) when processed in pre-hydrolysis with deionized 
water. This is due to the pre-hydrolysis process efficiency that solubilizes K in the 
5 form of water-soluble K2SO4. which is later leached in the washing step. All impuri- 
ties contained In the wood are reduced and even those of higher contertts, such as 
Ca. Mg, ai. and Si present In eucalyptus wood, for example, do not cause hot corro- 
sion on the superalloys of the gas turbines. The cydoning of the combustion gases 
from the fuel of the invention proved to be highly effident in redudng the ashes 
10 contents at the level required for gas turbines (total particulate < 200ppm and par- 
ticulate with a diameter > Sum being in a proportion lower than 8ppm). 

A few points should also be stressed with respect to the improved 
charaaeristics of the cellulignin ftjel of the present invention, which bring expressive 
advantages for combustion processes, when compared to conventional fuels. 

15 As already mentioned before, in the solid pyrlysis zone in a combus- 

tion process, high temperatures favor the production of volatile compounds, and low 
temperatures favor the production of coaL As already indicated by table 2 above, the 
products resulting from the cellulose and xyian pyrolysis result in high tar contents, 
which causes a secondary combustion dose to the oils for wood. However, there is 

20 no xylan in the catalytic cellullignin according to the present invention, which leads to 
lower coal coments in this zone. It is further pointed out that the globulization of lig- 
nin in the production process of catalytic cellulignin fuel of the invention favors the 
formation of volatiies and decreases the coal contents. In addition, and considering 
the influence of moisture on the partide pyrolysis, it follows that the catalytic cellu- 

25 lignin fuel maximizes the combustion temperature, increases the. volatile conterrts 
and decreases the formation of coal contents since provides the possibility of a 
buming without moisture and with low ashes contents,. 

Other technical advantages obtained according, to the invention may 
be dearly obsen^ed during the pre-combustion reactions and in the primary com- 
30 bustion reactions, as well as in the post-combustion reactions of the cellulignin fuel. 

In the pre-combustion step, it is observed that in the case of the 
catalytic cellulignin. there is a decreas in the ash contents, the water contents and 
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xylans are non-existent and these aspects favor CH4formation (a product from the 
decomposition of R'-cellulose) instead of CJH^ (product from the decomposition of 
hemicellulose, non-existent in cellulignin). During the primary combustion, the com- 
bustion of cellulignin takes place at higher temperatures, like the combustion of CH4 
5 resulting from the decarboxilation of the acetic acid and decaibonilation of the acet- 
aldehyde resulting from the opening of the rings. This explains why, in practice, the 
catalytic cellulignin has a combustion similar to that of natural gas and of volatile 
liquid fiieis. Rnaliy, during the post-combustion step the ratio C:H is of 1:0.76 for the 
case of the catalytic cellulignin, that is to say, it is closer to the mineral coals than to 
10 MSfood, The average oxygen contents, however, favor the fonnation of CH4. CO2 and 
CO, reinforcing tine explanation for the high reactivity of the catalytic cellulignin. 

In order to enable a better understanding of the similarity of the fea- 
tures of combustion of the catalytic cellulignin of the present invention as compared 
with those of the mineral coal, a modem theory of the combustion of porous particles 
15 (Essenhigh) is given below in view of its significance for the invention of the com- . 
bustion of ceituiignin. 

The mass loss rate: m = m(a,a) wherein m = mass of the spherical parti- 
cle, a = particle radius, d - 2a particle diameter, a - particle density and m = (4/3) 

di ^ da dt do" dt 

dm . 2 da 4 « dff 
— -- = 4mz c— — mx 



20 



dt dt 3 dt 



^ dmidt da a dtr » . 
^ 4«i^ dt ^ dt ' 



R, _ a da \ ^(Incr) 
R^ 2iT da 3 dQna) 

Rft = mass loss rate by the external surface of the particle (g/cm^s) e R, is 
the mass loss rate by the internal surface. Th above equation is an inexact differ- 
ential equation impossible of being integrated due to the lack of a relationship t>e- 
tween a and the a (integration way). 
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Essenhigh (1988) proposed the utilization of the equation of Thiele 
(1939) of catalysis as a way of integration of R, 



^0 U) (^o) 



dQna) 



wherein a = 0 stands for density, cr constant with combustion by the ex- 
5 temal surface and a -^^ «. stands for constant diameter with combustion over the 
internal surface (This concept is similar to the catalysis over the external surface or 
over the internal surface). 

Calculating the R/R, relationship it follows that 

R, ^ ^9 

10 wherein R„ is the maximum rate of internal loss and ti = R/R™ is the 

Thiele effectiveness factor (0 < n < 1) representing the relationship between the real 
internal loss and the maximum possible internal loss (For large particles or particles 
of low porosity, the internal mass loss is negligible andii-M) while for small particles 
and high density the internal loss of mass is maximum and n = 1). 

IS Defining as the internal surface area per volume unit Vp ((cm^/cm^) = 

1/cm) and Sp as the external surface area of the particle, it follows that the relation- 
ship Rim/R, is proportional to the relation of the internal and external areas in: 

R, ^ " 4mi^ " 3 

^ ^ r rr- ^ ^(Inc-) 
R,^3 IdOnd) 3 



For mineral coals, a ranges from zero to 3, exceptionally reaching the 
20 valu of 6. For the catalytic cellulignin fuel, we have = cS^ wherein is th irv- 
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temal surface per unit of mass, the following values resulting for a particle of 200 





m-^/g 0.01 


0,1 


0.2 


0.3 


0.4 


0.5 


1.0 


10.0 


m-'/kg 


10 


10* 


2x10* 


3x10* 


4x10* 


5x10* 


10* 


10* 


a = aaS,Ti 


1 


10 


20 


30 


40 


50 


100 


1000 


(a/cro)= (d/clo)o 
p/(d/do)=0.9 


0.9 


0.349 


0.122 


0.042 


0.015 


0.005 


2.7x 
10^ 


1.7x 
1C-* 



This means that for a specific surface larger than 0,4m2/g (a = 40), 
5 the catalytic cellulignin fuel bums mainly from the internal surface, maintaining the 
particle diameter approximately constant and varying its density (burning of a fractal 
- 1* zone), characterizing the new invention as a large-scale, completely catalytic, 
fuel obtained from the pre-hydrolysis of biomass available in nature. Tests of specific 
surface (BET. porosimetry of mercury and MEV) indicate an average value of 
10 2.0m2/g. resulting in a = 200. The partides of liquid fuel bum from the external sur- 
face (a = 0 * 3* zone), and the partides of mineral coal have partial internal combus- 
tion (0 = or < a = or < 3 - 2' zone). 

• For the case of mineral coal, a = Sv/y, wherein y is the Thyele pa- 
rameter given by: 

15 

wherein k = constant of the reaction rate, p = reactive gas density and 
De = coeffident of internal diffusion. For tiie catalytic cellulignin ttiere is no need for 
independent determination of these parameters, because they combine, resulting in 
a relatively high value of a (a = or> 100). 



20 



- In the catalytic combustion, the oxygen does the direct attack on ttie 
carbon atom as a two-stage reaction (adsorpotion<lesorption). illustrated in figure 5. 
Oxygen is adsorbed and desorbed, forming COj or CO, which is ttien deadsort>ed. 
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The components and products of th reaction are C. Oj. COj. H^O, H,, and CO, ac 



oxygen atom and ki are reaction constants. The volatiles (CO, Hj) produced by the 
5 catalytic combustion complete their combustion outside the particle with a very short 
combustion time (3 ms). The determined combustion time is that of the adsorption- 
deadsorption process, being equal to or shorter than 20 ms (0.02s) for the catalytic 
cellulignin. 

The burning time for mineral coal, liquids (oils) and for catalytic cellu- 
10 lignin fuel measured in the form of isolated partide and in the fomi of powder cloud 
is illustrated in figure 6 and the formulas utilized in the corresponding calculations 
are presented below. 





cording to the following reactions: 



wherein Cf indicates a 



free site, C(0) stands for a chemically adsortjed 



Attachment I: Combustion Times 



1 a - Coal Cumbustion 



IS 



Burning time 



i) at constant density: 




ii) at constant diameter 
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wherein: 

Po s initial density of the parttde = lOOOkg/m^ 
R = universal constant of the gases = 0,8106m3atni/(kniolK) 
T„ = average temperature = 1 600K 
5 O = diffusion coefficient = 3,49x1Cr* m^/s 

' 'Pfl- partial oxygen pressure = 0,2atm 
<|) = order of reaction = 2 . 
do = initiai particle diameter (m) 
1b - Combustion of Liquids 
10 Buming time 




wherein: 

do^ initial diameter 

\ = evaporation rate = 10±2)x10*'cm^/s for hydrocarbons buming in air. 

15 In the first form, the buming time is shorter than that of mineral coal 

because it is a much more reactive fuel. In the form of a powder •cloud", there is a 
decrease in the thermal losses due to the energy transmission by radiation among 
the particles, decreasing the buming time for values similar to those of the volatile 
liquids. One way of analyzing this question is by means of the Krishna and Bertad's 

20 energy balance for ignition of powder doud of mineral coal. 
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Wherein the first term is the energy generation rate, a is the radius of the 
particle, R is the radius of the doud, p is the particle density. D is the density of the 
cloud, is the air themial conductivity and p is an empirical coefficient. If R*D/a^cy 
« 1 it follows that aT^*' = (const.) and if R^D/a2<j»1 . then = (const)a. The latter 
5 is in accordance with the world experience that recommends grinding the mineral 
coal at temperatures not higher than 70*C to avoid incineration of the powder cloud 
in the mills. For catalytic cellulignin fuel injection, we have R = 0,1m, a = 100x IC 
«m. a = 500 kgym\ D = 0,4kg/m^ resulting in R^/a^a = 800 »1. The smaller the 
particle size, the lower the ignition temperature of the powder doud. For mineral 

10 coal, the theoretical ignition temperature of the doud is 300 at SOO'^C and for cata- 
lytic ceiluiignin, the ignition temperature is on the order of 350° C (pyrolysis tem- 
perature). The presence of oxygen in the molecule of the catalytic cellulignin fuel 
favors the similarity of its combustion process to that of mineral coal (however, with 
higher reactivity and higher ignition temperature) with respect to the combustion of 

15 wood, which is of five steps and seriously limited by tine presence of water. 

In order to establish the combustion characteristics, catalytic cellu- 
lignin particles of different diameters were burned by means of LASER ray ignition 
and determination of irradiation intensity with photodiodes. The results are shown in 
figures 7a and 7b, where one can see two regimes, namely: 1) above 250|im the 

20 combustion is of the conventional type (limited by the transport of mass inwards and 
outside the partide) and 2) below 25° jim the combustion is not limited by mass flow 
(process of adsorption of O2 - deadsorption of CO). The two regimes adjust to 
Thiele's catalytic combustion. Attention is drawn to the importance of maintaining the 
crystalline characteristic of the cellulose in the pre-hydrolysis process to render the 

25 grinding of cellulignin partides smaller than 250fim inexpensive. 

a) Conventional combustion > 250^m): the catalytic cellulignin is dried 
outside the combustion equipment and the drying zone is non-existent The heating 
is rapid, the generation of volatiles is maximized while coal generation is minimized.- 
The catalytic cellulignin does not contain xiian, its solid pyrolysis predominating, that 
30 is to say. opening of the ring with production of acetic add, acetaldehyde and coal 
by decarbontlation of the acetic add and decarboxylation of the acetaldehyde in th 
formation of CH4. CO^ and CO. The zones of volatiles primary and secondary com- 
bustion are the same as described before. 



wo 00/78899 . PCT/BR00A>0066 



-26 



b) Catalytic combustion (4> < 250^im): The pre-hydroiysis displaces the 
biomass in th direction of the combustion of mineral coal. The main characteristic is 
that combustion is more limited by the mechanism of the oxygen transport into the 
catalytic ceilulignin and of CO therefrom due to the particle microstructure. In this 
5 way. there physical (OJ and chemical (O) adsorption in active sites and Bou- 
douard's reaction is favored. Reactions of hydroxylic groups cause rapid reactions in 
the heating and solid pyrolysis zones. The catalytic combustion occurs in the aver- 
age internal surface (2.0m2/g), the contribution of the extemal surface (0.1m2/g) of 
the particle being secondary. The framework of the catalytic ceilulignin is that of a 
10 fractal that bums while maintaining the diameter of the particle approximately con- 
stant and decreasing the partide density. When the wall of the fractal thickness 
reaches a critical size, a collapse of the particle (sublimation) takes place. Therefore, 
the process eliminates the formation of residual coal, resulting in complete combus- 
tion. 

15 The combustion equipment usable for the catalytic ceilulignin of the 

present invention will depend upon the type of specific combustion to be employed. 
In this regard, the main methods of biomass combustion are: combustion in pile, 
thrower-spreader, suspension, and fluidized bed, the thrower-spreader combustor is 
the most prominent from the industrial point of view. The characteristic of the first 

20 two is the complete physical separation of the five combustion zones. In the com- 
bustion by suspension of dry biomass particle < 2mm, TU < 15%). all "zones" take 
place in the middle of the air. in a sequential way. The suspension burning is the 
closest to the burning of liquid fuels. This is the case of the ceilulignin proposed now. 
which comes close to the combustion of gases and liquids due to its catalytic com- 

25 bustion. 

The combustion in fluidized bed maintains the fuel in a bed with sand 
or lime suspended by air. All the reaction zones take place in the same place (not 
separable physically). The combustion efficiency is low due to the excess air (100 - 
140%) necessary to maintain the fluidized bed. and the temperature is kept below 
30 the ashes melting point in order not to cause the bed to collapse. In the case of the 
catalytic ceilulignin of the invention, the suspension combustion may be carried out 
with stoichiometric air and without limitation of temperature* since it has a very low 



f 
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ash content. The three main paramet rs in the combustion are useful heat thermal 
efficiency and combustion temperature. 

Hv = CCS - PT; 71= 11 - iPTICCS)]x 100 

wherein CCS is the upper calorific capacity and PT are the thermal 
5 chimney losses, ashes (including not-bumt carbon), radiation and others. The chim- 
ney losses are given by: 

wherein mi is the moles of the chimney gases (CO2. O2. Nj, HjO), Cpi is 
the calorific capacity of each species, AT is the difference in temperature between 
10 the chimney and the environment, m„2o is the number of moles of water andXnjo is 
the molar water vaporization value. 

The losses by radiation are of about 4% and other losses (ash, not* 
burnt carbon) are about 2%. The combustion efficiency of a wood with 50% moisture 
is 68%; with 17% moisture, it is 79%, and that of the catalytic celiulignin is 85% 
15 (dose to the values of the mineral coal) due to the absence of moisture, ash and 
excess air. The catalytic celiulignin fuel of the invention permits the achievement of 
temperatures dose to the adiabatic one (1920 K), although the temperatures of the 
vapor-generating tubes of the boilers are limited to 840K. 

The heat release rates for the different combustion methods are given 
20 by I = h dW/dt, wherein I is the flame intensity. dW/dt is the change in weight in 
function of the time, and h is the combustion heat Table 6 shows several rates for 
the different combustion methods: 



Table 6: Heat release rates for different combustion methods. 



Combustion method 


Wood 


Mineral coal 


Combustion in pil 


8.5GJ/m'4i 




inclined grid 


3.5GJ/ni^ 




Thrower-spreader 


10,4GJ/n^h 


8.8GJ/nfr^ 
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Suspension 


550GJ/m-^ 




Fluid bed 


470GJ/m-*h 





The reactivity of the catalytic cellulignin is slightly higher than that of 
biomass (absence of water, targer specific surface) and the combustion heat is the 
double, leading to a heat release rate twice as high as that of wood. For example, 
5 9kg/h of catalytic cellulignin with combustion heat of 20MJ/jg bum in suspension in a 
volume of q> = 2cm and L = SOcm, that is, (9x20/(;tx(0,01)^x0,5) = 1.146GJ/m^. 

The examples of equipment given below will better illustrate the pres- 
ent invention in a better way. However, the data and procedures illustrated merely 
refer to a few embodiments of the present invention and should not be taken as be- 
10 ing limitative of the scope of the invention. 

The complete characterization of the catalytic cellulignin fuel involves 
elements of the cellulignin as starting material, of the combustion specific character- 
istics and of the fuel handling and controiiing equipments. 

Rgure 8 illustrates a feeding system composed of a cellulignin tank 
15 -(8.1). a rotary valve or helical feeder for dosing the cellulignin feed (8.5 and figures 9 
and 10). feeding line of the air/celluiignin two-phase fluid (rate 3.28:1 by weight) 
(8.6) and applications in boilers and ovens (pressure close to the atmospheric one. 
T = 1900* C), in gas turbines (pressure of 7 - 14 atm. T = 600 - 1100* C). The cellu- 
lignin tank may t>e either stationary (preferably in vertical cylindrical form), or move- 
20 able (installed in caniage similar to the tanks for carrying animal food or cement). 
Due to the tendency of cellulignin to settle, the tanks are preferably provided with a 
conic or plane bottom and with powder handlers of the rotary-shovel type (8.2, 8,3, 
8.4). helical feeders or a bottom with moveable compressed-air lining. At the exit of 
the rotary valve or helical feeder for dosing the cellulignin, drag air is injected for 
25 two-phase flow at the ratio of 3.28:1. The two-phase flow may be made of metallic, 
plastic pipes or hoses, the air/cellulignin mixture behaving as if it were a gas or a 
liquid. Under low pressure, the energetic density of the air/cellulignin mixture is of 
7.14MJ/m3, while that of natural gas is 32.9MJ/m3 and that of the fuel oils is 
28.0MJ/m3, permitting still compact simpi installations and significant lengths of 



wo 00^78899 



- 29 - 



I 

PCT/BR00AHM>66 



the piping, in onjer to meet the layouts of the factories, thermoelectric power sta- 
tions. etc. 

The helical feeder shown in figure 9 is composed of a body (9.1), 
bushing (9.2). hefical feeder (9.3), powder retainer (9.4). bearings (9.5). flanges 
5 (9.6). driving pulley (9.7) and air injection for two-phase flow (9.8). The dosage of 
cellulignin is carried out by turning the helical feeder and varying its diameter and, in 
general, it is utilized for low capacities (<150 kg/h). The elimination of the influence 
of pressure difference between the cellulignin tank and the drag gas in dosing the 
powder canled by the helical feeder is carried out by means of the impedance of the 
10 length of the helical feeder between the tank body and the drag air of the two-phase 
flow. The rotary valves illustrated in figure 10 are available on the market for capaci- 
ties higher than 150 kg/h and comprise a body (10.1). shovels (10.2). driving shaft^ 
(10.3), inspection window (10.4) and possibly cooling (10.5). The dosage is made by 
means of rotation, the diameter and the length of the valves. 

15 Combustors 

The direct use of combustors in boilers and ovens is possible be- 
cause of the low content of the cellulignin ashes (<0.2%) and the resources already 
existing in this equipment for removing residual ashes. For applications in gas tur- 
bines, the following measures are necessary: a) combustion chamt)er with injection 

20 of primary air (stoichiometric combustion) and secondary air (drag of the ashes from 
the combustion chamber to the cydone and cooling of the combustion gases down 
to the working temperature of the turt)ine); b) gas-cteaning cyclone (removal of the 
particulate); and c) possible ceramic filter for high temperature turbines (1100^ C - 
monocrystalline superalloys). and these filters are indispensable to polycrystalline 

25 superalloys or with directional solidification. The specifications of Na K < 5ppm, in 
the catalytic cellulignin fuel with total particulate contents of 200ppm, with diameter > 
5^m lesser than 8ppm in the combustion gases, have been achieved without the 
need for ceramic filters. 

Axial Combustor 



30 Rgure 1 1 shows an example of an axial combustor t characterize 

th combustion of the catalytic celluligrun. The ignition may te carried out in s v rai 
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ways. such as by microbiowtorches of GLP. natural gas, etc.. electric arc. electric 
resistance or hot gas tube. The fact that it is easy, automation and low cost favor th 
ignition with blowtorches of GLP. natural gas (consumption of 0.022 kg of GLP/kg of 
cellulignin. representing 5% of the calorific capacity of the combustor). Two factors 
5 related to cafalytic cellulignin ignition are pointed out first the need for it to be 
heated up to the pyrolysis temperature (350- C): second, the operational security of 
the catalytic celluUgnin with respect to the combustible gases and liquids that ignites 
at room temperature. The practical applications may be made with any type of com- 
bustor (axial, swirler. cyclonic, etc) 

io The axial combustor is composed of a mounting plate (11.1) with or 

without cooling, cellulignin injector (11.2). stoichimetric-combustion-air injector 
(11.3). fixture of the ignition blowtorches (11.4) with or without cooling, ignition, 
blowtorch of GLP. natural gas. etc. (11.5). window with view-finder (11.6). Ignition 
blowtorches are as small as available on the maricet because the catalytic charac- 

15 teristics of cellulignin enable their instantaneous ignition and propagation for the 
two-phase air/cellulignin flow. The power of the ignition blowtorch is on the order of 
5% of the power for low capacity (50kW) combustors and tends to negligible per- 
centages for high capacity combustors. For the two-phase flow with velocity of 
:. 8.5m/s and a diameter ^ = 16.5 mm, the ignition spreads at a length of 100 mm, 

20 giving an ignition time of 0.012s = 12ms. The combustion is complete at a length of 
0,7m. giving a residence time of 1/(8.5/2) - 0.16s = 160ms (one has utilized the av- 
erage velocity of 8.5/2 = 4.25m/s. since the injection velocity in the beginning of the 
flame is of 8.5m/s and the velocity at the end of the flame is virtually nil). The resis- 
tance-time/ignition-time relationship is on the order of ten times. The ignition times of 

25 the catalytic cellulignin tend to the ignition times of gases, which are on the order of 
3ms. 

In general, mineral coal and liquid fuels generate a very long flame 
length, due to the longer burning times (see figure 6). thus requiring combustors of 
the axial-swifter type for reducing the flame length. The catalytic characteristic of 
30 cellulignin allows one to use axial combustors with relatively short flame lengths. The 
extinguishing of the ignition blowtorch results in extinguishing the flame of the cata- 
lytic cellulignin. due to the need for it to be pyroliyzed at 35* C. imparting to th 
catalytic cellulignin complet security in its handling (non-incendiary and non- 
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explosive fuel) The catalytic cellulignin does not contain hemicellulose, which is re- 
sponsible for the incendiary characteristic of biomasses in the form of straws (py- 
rolysis temperature = 200* C), as well as it does not pynDlyze at low temperature, 
and so does not have the incendiary characteristics of the gases and liquid fuels 
5 (low flash point). On the other hand, above 350® C, its combustion is catalytic with 
ignition times dose to that of gases. 

Gas Turbines 

For applications of cellulignin combustors in gas turbines, two addi- 
tional steps are required, namely: cooling of the gases and a cydone for redudng 

10 particulates. Rgures 12a and 12b show the cellulignin combustor, cydoning and 
particulate collector with horizontal or vertical assembly. It is composed of combustor 
(12.1). combustion chamber (12.2), inlet of cooling air (12.3), chamber of cooling air 
(12.4), homogenization sector (12.5), cydone (12.6), particulate collector (12.7), and 
duct of connedion with the turbine (12.8). In the vertical position, an ash collector 

15 (12.9) is added before the combustion gases are direded to the cydone for collec- 
tion of the molten ashes during the stoichiometric combustion. 

The combustor illustrated is manufactured from stainless steel, except 
for the combustion chamber, which is made from superalioys due to the high tem- 
peratures (1920*'K), being cooled by the cooling air. A portion of the cooling air 
20 penetrates the bores in the wail of the combustion chamber, creating a peripheral 
layer of drag air for dragging the molten ashes and particulates. 

One of the main characteristics of the gas turbines is their versatility 
with regard to fuels, operating with gases such as natural gas. evaporated oils and 
process gases (refineries, blast-fumaces and gasifiers); liquids such as dean liquids 
25 that are volatile Naphthas, light distillates (Diesel, kerosene) and viscous and heavy 
residual oils: and solids. Liquid fuels with high ash contents (crude and residual oils) 
require cleaning equipment prior to their utilization. 

Table 7 illustrates the properties of the three types of conventional fu- 
els and of the catalytic cellulignin. Th latter is placed between the natural gas and 
30 light distillates (dean fuels) and th mixtures of heavy distillates and low-ash crude 
oil. It does not contain VjOs, WO3. MO3, or Pb, and the S content is very low. The Na 
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+ K for the clean catalytic ceilulignin concentratiOTosrclose^to that o/ the* clean fuels 
while for normal catalytic ceilulignin it is dosis to that of heavy residual high-ash 
crude oils (table 8). The pre-hydrolysis carried out with deionized water is an effec- 
tive technology of producing the dean catalytic ceilulignin as a fuel for gas turbines. 
5 The only parameter out the conditions of dean fuel is the total ash contents (< 
0.1%). These are, however significantly reduced in the cydone, reaching total par- 
ticulate contents < 200ppm, and contents lower than 8ppm for partides with size 
bigger than 5^m. 

Natural gas distillates do not need a fuel treatment Mixtures of heavy 
10 distillates, low-ash crude oils and espedally heavy residual high-ash crudes need 
washing of the fuel that is based on the water-solubility of sodium^ potassium, and 
caidum. There are four conventional washing processes, namely: centrifuge. D.C. 
electric, A.C. electric, and hybrid. The catalytic ceilulignin dispenses with any wash- 
ing process that has been used for redudng the Na + K contents from lOOppm down 
15 to levels of from 5 to O.Sppm in crude and residual oils. 
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High Ash Crude 
and Heavy 
Resldures 




79/129 1 


-9/35 1 


100/1800 


1 


1 


0.92/1.05 


42,3/43,7 


100/1000 1 


t 


0.5/0.4 


10.0/12.5 


1 1/350 1 


15/400 1 


10/25.0 1 


10/50 1 


Mixtures of Distillates a Low Ash 
Crudes 


Heavy 
Distil- 
lates 


rsi 


1 


6.20 


f 


1 


0.8786 


42,1 


• 


• 


1.075 


12.40 






1 


1 


Typical 
Crude from 
Libia 


t 


O 
CM 


cn 


f 


1 


0.84 


42,2 


CO 

CO 


2/10 


0.15 




12.2/4.5 


1 0/1.0 


1 


t 


Low Ash 
crude 


10/93 1 


-9/43 1 


2/100 




1 


0.80/0.92 


43.9/44.8 


20 a 200 


0.3/3 


0.1/2.7 


12.0/13.2 


0S/0| 


|0/15 


1 


1 


Catalytic Cellu- 
lignin 


Normal 


350(2) 1 


Any (3) 1 




1 


• 


0.50 


20.0 


2000 




o S 

CO c 

CN a. 


cn 


09>| 


Zero 


IZero 


O 

o 
tn 


Clean 


350 (2) 1 


Any (3) 1 




1 


1 


0.50 




1000 




<60 ppm 


cn 




Zero 


Zero 


009> 


Distillates and Naphtha 


JP-4 


<TA (1) 


• 


0.79 




53.2 1 


0.7545 
(5) 


20.0 


t 


1 


0.047 


14.75 




1 


1 




Oil «2 


66/93 


-23/-1 


2,0/4.0 


1 


35.0 


0.82/0.88 


43.9/45.3 


Oa20 


0.03/0.3 


0.1/0.8 


12.0/13.2 


0/1.0 


0/0.1 


0/1.0 


0/2.0 


CM 


48/104 


-48/- 12 


2.48 
2.67 


34.4 


38.1 


0,85 


42.3 


0.001 


0.104 


0.164 a 
0.293 


12.83 


1 


1 


1 


0/2.0 


Kero- 
sene 


54/71 1 


m 


1.4/2.2 




« 


S to 
oo 

oT o' 


44.6/ 
45,5 


m 

CB 


0.01/01 


0.01/0.1 


oo^ to 


0/1.5 


0/0.1 


0/0.5 


0/1.0 


Properties 




1 Flash Polnl ("C) 


IFlow PoinlCC) 


O 

o 

GO 

CO 

CO 

o 

u 
cn 

> 


|SSU 


1 Grau API 


O 

e 
CO 

cn 

€0 

c 

CO 

<u 
O 

"o 
o 
•<u 
CO 


Calorilic Power MJ/kg 


[Ashes 


1 Coal Residues 


Sulfure (%) 


Hydrogen 


E 

GL 

m 
Z 


1 Vanadium 


iLead 


[Calcium 
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High Ash Crude and Heavy Resi- 
dues 


Yes 


High Pressure Air 


Yes 


Always 


Yes 


Always 


Lower 


High Ash Low Volatility 


4GT 


Low 


Mixtures of Distillates and 
Low Pressure Crude 


Yes 


Low Pressure/ High Pres- 
sure Air 


Some 


Limiled 


Yes (except for distillate) 


Some Fuels 


Intermediate 


Low Ash. Limited Level of 
Contaminants 


3GT 


Intermediate 


Catalytic Cellulignin 


No 


No 


No 


No (Limited) 


No 


Ignition (GLP. natural 
gas, heated lubes, elec- 
tric resistance) 


Intermediate 


Porous powder with 
limited ash contents, 
that can be reduced by 
cyclones 


(3-GT) 


Intermediate 


Distillates and 
Naphtha 


1 o 

12 


Mechanics/ Low 
Pressure Air 


No 


No 


No 


With Naphtha 


Higher 


Low-quality Distillate 
free of ashes 


1GT. 2GT. 3GT 


Higher 


Properties 


Prehealing of the 
fuel 


Atomization 


Disalination 


Inhibitor 


Washing of the Tur- 
bine 


Initial Fuel 


Cost 


Description 


Designation ASTM 


Turbine Inlet Tem- 
perature 
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10 



15 



20 



Tables- Inorganic impurities (mg/g) of Eucalyptus. Catalytic Cellulignin and Pre- 



hydrolysate 





Ca 


K 


Na 


Mg 


P 




Si 1 Mn 


Fe 


Zn 


S 


Eucaiipto 560 


400 


<14C 


160 


170 


50 


<120 


20 


10 


ND 1 14Q 


Ceiuiigntna 
normal (l) 


500 


<60 


<140 


<40 


10 


<40 


<120 


<4 


<10 


<6 


<80 


Celuiignina 
iimpa (2) 


<53 


<5 


<1 


<60 


<2 


<40 


<120 


<2 


<7 


<4 


<ao 


Pre-hidroli- 
sado (3) 


260 


370 


80 


140 


65 


10 


25 


20 


8 


5 


1950 



(1) c8llulignin processed with filtered tap water, witti X-rays semi-qualitative analysis 

(2) celluiignin processed with deionized. with X-rays semi-qualitative analysis except for K (by 
ICP/AES) and Na (AAS-flame) 

(3) mass balance not carried out due to the absence of initial water and washing water analy- 
sis. 

For gas turbines, specifications of the fuel level are usually made. In the case of cata- 
lytic cellulignin. due to the purification of the cyclones coupled to the combustor outside the 
turbine, the specifications should be made at the level of the combustion gases or in terms of 
an 'equivalent fuel". 

The influence of the (Na K) contents (ppm) on the working temperature of 
the Iconel superalioy 71 8 is given by: 



(Na + K) ppm 


0.33 


|2.28 


3.70 


4,89 


5.65 


Temperature (*C) 


927 


|871 


815 


760 


704 



The catalytic cellulignin fuel allows operation in the range of 800 to 
830'*C. Coatings are utilized in order to increase the resistance of the superalloys to 
hot corrosion. Table 8 shows the main types of coating obtained by diffusion (Al, R, 
Rh, NiCrSi) and by overiayers (Co, Cr, Al, Y). Various techniques of depositing the 
overiayers are utilized, namely: plasma spray, sputtering, deposition of vapor by elec- 
tronic beam (PVD) and cladding. At present the hot-corrosion resistances are limited 
by the coatings and not by the base-m tals of the rotors and stators of the turbines. 
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Th protection with plasma or EB/PVD, however, enables one to achieve 16000h of 
operation, even under aggressive conditions. 

The main requirements for a gas turbine fuel are: calorific power; 
cleanliness, comDsivity. deposition/obstruction and availability. The fuel from dean 
catalytic ceilulignin obtained by pre-hydrolysis from biomass with deionized water 
meets all the above requirements. 



Table 9: Protecting Layers (coatings) of the Turbines 



specification of 
■ the Protection 


Element 
in the 
Layer 


Deposit, 
technique 


Typical applications 


Capacity in hours: 

Combustion 
chamber (870X) 


UC 


Al 


PC 


Co Base stators of 




870 


AI.Si 


PC 


Base parts Nl 




RT-5 


Al.Cr 


DPC 


Ni Base stators 




RT-17 


Ai,Ni 


DPC 


Nickel doped with 
Thorium 




RT-19 


Ai 


DPC 


Co Base stators 
(High temperature 
service) 




RT-21 


PtAI 


PC 


Ni stators and rotors 


800 


RT-22 


Rh>M 


EP/PC 


Ni base rotors 


5000 


BB 


PtRh.AI 


EP/PC 


Ni and Co Base sta- 
tors and rotors 




RT-44 


Co.Cr>U. 
Y 


EB/PVD 


Co Base stators 




Overtayers 


Ni,Co.Cr. 
Al 


EB/PVD 


Overtayers for vari- 
ous services 


7000 (plasma) 
14000 (composed 
plasma) 
18000 (dad) 



PC - Pack Cementation; DPC - Double Pack Cementation- EP - Eletroplating; EB 
Electron Beam; PVD - Physical Vapor Deposition 
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CLAIMS 



1 . A catalytic cellufignin fiiei, characterized in that it is composed of ceiluios 
and giobuiized fignin with specific surface of about 1.5 - 2.5 m^/g. 

2. A catalytic cellulignin fuel according to claim 1. characterized in that it is 
composed of cellulose and giobuiized iignin with an average specific surface of about 2 m^/g. 

3. A cellulignin fuel according to claim 1 or 2, characterized in that it has a heat 
combustion value of about 18 to 20 MJ/kg. 

4. A cellulignin fuel according to any one of claims 1 to 3, characterized in that 
it is ground into particles having size lower than 250 mm. 

5. A cellulignin fuel according to any of the preceding claims, characterized in 
that it presents an ignition time equal to or shorter than 20 ms (0-02s). 

6. A cellulignin fuel according to any one of the preceding claims, character- 
ized in that it has a volatilization temperature of about 350^ C. 

7. A cellulignin fuel according to any one of the preceding claims, character- 
ized by a Na + K content lower then or equal to 5 ppm. 



8. A cellulignin fuel according to any one of the preceding claims, character- 
ized in that it generates combustion gases with total particulates lower than 200 ppm, the 
particles having diameter lower than 5 nm at concentrations lower than 3 ppm. 
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Cytoplasm 



FIG 1 Cellular structure of tjiomass 
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Diffractiom of X-ray of wood 
and eucalyptus ceiiuiose 




Diffractiom of X-ray 
for ceiluiignim 




Hydrofized 
woodshaving 
30x10x0,5mrr? 



leeo ate meo tuo aoA 3s.eo 



Abrumum 




Ground in 
knif mill (0-1 mm) 




Ceiiuiose 





Ground in 

ball mill (I>0,047mm) 
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FIG 4 X-Ray diffratogram for wood, cellulose and cellulignin 
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FIGS Variation of the Enthalpy of the Reactants and products 
■ *^ ^ the coordinate of the Carbon-Oxygen reaction. 
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Diameter of particles or drops (mm) 

PI Q Q Burning time versus Diameter of particie for mineral coal, catalytic 
cellulignin fuel, particle and in powder cloud and liquid fuels 
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PI Q Q Catalytic Cellulignin feeding system for Boilers/Ovens or gas turbines 
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FIG 10 Rotary valve 
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FIG 1 23 Combustor for cellulignin, cydoning and collection of 
particulates (horizontal) 



15.1 Axial combustor 



15.7 Duct of connection 
with tMe turtoine 



15.3 Cooling air 
inlet 
15.4^ooling air 

--■--^-■^ 



15^ Combustion 
chamber 



15.5 Cydone 




15.6 Collector of 
particutates 



FIG 1 2b Combustor for cellulignin, cydoning and collection of 
particulates (vertical) 
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